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Spectroscopic studies on a Poly Allyl Diglycol Carbonate (PADC or CR-39) detector irradiated with 5 MeV
a-particles were carried out. The CR-39 samples were exposed to perpendicular incidence of a-particles
with different ﬂuence ranging from 0.85  109 to 6.79  109 particles/cm2. The induced modiﬁcations in
the CR-39 detectors were investigated using UV–Vis, FTIR, and photoluminescence (PL) spectroscopy. The
results reveal that UV–Visible and FTIR spectroscopic techniques are insensitive to detect the induced
modiﬁcations in the irradiated CR-39 detector within the selected range of ﬂuence. Photoluminescence
(PL) spectra, on the other hand, showed a reasonable difference between the detected spectra of the
irradiated samples. The integrated intensity (N) under the PL emission band and peak’s heights (P)
exhibits a linear correlation with the alpha particles ﬂuence. The ﬁtting linear formula and the relevant
parameters for both relations (N and P vs. ﬂuence) were determined. The comparison study between the
three spectroscopic techniques indicated that PL spectroscopy provides a sensitive method for a-particles
dosimetric applications using a CR-39 detector.
 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Polymer-based solid state nuclear track detectors (SSNTDs) are
extensively used for the detection of several types of radiation [1].
The induced modiﬁcations in physicochemical properties of
SSNTDs due to ions implantation are highly correlated with the
ions intensity and energy [2]. One of the most common polymer-
based SSNTDs is the CR-39 detector which is used in a wide range
of scientiﬁc and technological applications including materials
science, micro-mapping of radioactive elements in rocks, radon
monitoring, neutron radiography, particles identiﬁcation, cosmic
ray measurement, radiation dosimetry, X-ray reﬂectivity and
eyeglass lenses [2–5]. The CR-39 structure is in the form of
polyallyl chains connected by diethylene glycol dicarbonate link
[6,7]. The monomer is containing three functional groups; these
are: Allyl group (CH2@CHACH2A), ether group (–CH2–O–CH2–),
and carbonyl group (C@O). However, these functional groups are
responsible for the modiﬁcations in physicochemical properties
upon exposure to any kind of radiation [6,7]. Fig. 1 shows the
repeating monomer in the CR39 structure [8].The effects of a-particles irradiation are limited to a very thin
layer of the CR-39 surface, the energy deposited in this layer is
determined from the a-particles stopping power curve in CR-39
using the computer code SRIM [9,10]. Fig. 2 shows the stopping
power of 5 MeV a-particles as a function of the penetration depth
in CR-39 detector. The end point of the curve at 30 lm represents
the range of a-particles in CR-39. In principle, the deposited energy
by 5 MeV a-particles is sufﬁcient to dissociate all bonds in the
CR-39 detector, even the strongest one –C@C– of dissociation
energy 6.4 eV [1,7,11,12]. The induced modiﬁcations of the CR-39
detector by ionizing radiation (cross linking or main chain scissions)
could be investigated by different spectroscopic techniques includ-
ing UV–Visible spectroscopy and FTIR [6,7,13–15]. Fluorometry is
another distinguished spectrophotometric technique based on the
absorption of light by molecules and subsequently loss of some of
the absorbed energy by emission of light with longer wavelength.
This property is known as ﬂuorescence and can be the basis for
sensitive quantitative assays. Spectroﬂuorometry can detect the
induced modiﬁcation in ﬂuorescent materials by measuring
the emission spectra resulting from excitation with a suitable
wavelength. It has high accuracy in pharmaceutical and biological
analysis [16]. It is known that the CR-39 polymer bears ﬂuorescent
properties but it has not gained enough interest by researchers.
Therefore, in this work we investigate the response of the above
Fig. 1. Repeating monomer unit structure in the CR-39 detector [8].
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Fig. 2. Stopping power of 5 MeV a-particles in CR-39 detector as a function of the
penetration depth calculated by SRIM [9,10].
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Fig. 3. UV–Visible spectra of pristine CR-39 detector bombarded with alpha
particles of 5 MeV with ﬂuence of 0.85  109 and 6.79  109 particles/cm2.
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to the induced changes in the CR-39 detector irradiated by different
ﬂuences of 5 MeV a-particles.
Materials and methods
Plastic CR-39 detector sheets pursued from Track Analysis Sys-
tem Ltd., UK (TASTRAK) of density 1.32 g/cm3, refractive index for
visible light 1.498, molecular composition C12H18O7, and thickness
500 lm were cut in pieces of 4 cm2. Samples of CR-39 were
exposed to perpendicularly incident a-particles (main energy
5.49 MeV in air) emitted from 9 lCi 241Am source. The irradiation
was done in air at a distance from the source of 0.53 cm which cor-
responds to a-particles energy of 5 MeV. The 241Am source was
free from collimators to be sure that the area of the target material
(4 cm2) was wholly irradiated. Several irradiation times were taken
corresponding to variable ﬂuences of 0.85  109, 1.70  109,
3.40  109, 5.09  109, and 6.79  109 particles/cm2. UV–Vis spec-
tra were measured using a spectrophotometer (Model Spectro dual
split beam, UVS-2700) in the wavelength range from 190 to
900 nm, keeping air as a reference. FTIR spectra were measured
using a Shimadzu spectrometer in the range 500–4000 cm1. The
ﬂuorescence spectra were measured with a Flormax-4 spectroﬂuo-
rometer (Horiba). The excitation wavelengths were emitted from a
high-pressure xenon lamp dispersed by a grating monochromator,
the ﬂorescence light is detected by a photomultiplier through a
second grating monochromator. To avoid the spectrometer detec-
tor saturation, the slits of the excited wavelength and emission
wavelength were adjusted to be 0.5 nm and the lake of ﬂuores-
cence emission intensity was compensated by increasing the inte-
gration time of the detector to 0.5 s. The CR-39 samples were
excited by excitation wavelength of 346 nm and the emission spec-
tra were measured in a step of 1 nm in the range from 360 to
650 nm. The attenuation coefﬁcient of the excitation wavelength
of 346 nm in the CR-39 detector was 10.08 cm1, which means that
it penetrates a longer depth in the CR-39 detector than alpha par-
ticles of 5 MeV (30 lm) as calculated by SRIM [9,10].Results and discussion
The inspection of the alpha particles-irradiated CR-39 detector
under an optical microscope revealed no signiﬁcant change in
the surface morphology of the CR-39 detector, even for the highest
applied ﬂuence of alpha particles of 6.79  109 particles/cm2. Fur-
thermore, no weight losses were detected.
UV–Visible spectroscopy
Fig. 3 shows the absorbance spectra of pristine and a-irradiated
CR-39 samples with a lower ﬂuence of (0.58  109 cm2) and a
higher ﬂuence of (6.79  109 cm2). The spectra show a single
absorption band for all the investigated samples in the range
190–240 nm which is associated with the two possible electronic
transitions n? p⁄ and p? p⁄ occurring within the double bond
C@C and C@O [7,17]. Comparing with the reported spectra for c-
irradiated CR-39 in Refs. [18,19] there is fair agreement in the case
of pristine sample spectrum. It is noticed from Fig. 3 that after irra-
diation the spectra did not show any shifts in the absorption band
corresponding to the two a-particles ﬂuence. This indicates that
the a-particles irradiation effects on the CR-39 detector are not
detectable in the UV–Visible range, unlike that occurred by c-irra-
diation which is very highly detectable with changing the absorbed
doses [18,19]. To conﬁrm these concluded facts, the direct and
indirect optical band gaps were determined by extrapolating the
linear portion of the curves of (ahm)1/2 and (ahm)2 as a function of
E, where a is the absorption coefﬁcient (a = 2.303A/d, A is the
absorbance and d is the thickness), hm is the incident photon
energy. Such plots revealed that the estimated energy gap is
3.48 eV for indirect transition and 4.2 for direct transition without
any change after irradiation with a-particles. Consequently, UV–
Visible spectroscopy is not applicable for these values of a-parti-
cles ﬂuence.
FTIR spectroscopy
The FTIR absorption spectra for pristine and irradiated CR-39
samples with ﬂuences of 0.85  109 and 6.97  109 cm2 are
shown in Fig. 4. A number of sharp intense bands at 1227, 1734,
2800 and 3500 cm1 have been observed conﬁrming the monomer
structure. The strongest intensity band at 1227 cm1 is due to C–
O–C stretching, whereas other strong intensity bands at
1734 cm1 can be attributed to C@O stretching vibrations [20].
However, some features of FTIR spectra are disappeared due to sat-
uration of the absorbance by the thick CR-39 detector. The strong
Fig. 4. FTIR spectra of pristine and alpha particle-irradiated CR-39 detector with
energy of 5 MeV with ﬂuence of 0.85  109 and 6.79  109 particles/cm2.
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not possible to obtain accurate quantitative information about the
absorbance of these groups. One can recognize that no differences
could be observed in the spectra of and pristine CR-39 samples at
all ﬂuences of alpha particles. This can be attributed to the fact that
either there were no changes in the polymer function groups or the
induced changes were not detected by FTIR.400 450 50
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Fig. 5. (a) Photoluminescent emission spectra of pristine and CR-39 detector bombarde
The integrated intensity under the peak and peak’s height of the emission spectra of a p
particles of 5 MeV, points are data and the solid line is a linear ﬁt.Photoluminescence spectroscopy
In the ﬁrst phase of the experiment, the dependence of the pho-
toluminescence (PL) intensity on the sample angle with respect to
the source and detector was studied carefully. It was found that 0
is an optimum sample angle at which the recorded ﬂuorescence
intensity was maximized and at the same time the ﬁrst and second
order diffraction patterns were minimized. This estimated angle is
different from the suggested value (45) by Ref. [16]. The photolu-
minescence of the pristine and the a-irradiated CR-39 detectors
with ﬂuence of (0.85–6.79 x 109) particles/cm2 are illustrated in
Fig. 5(a). The irradiated samples spectra did not show any signiﬁ-
cant red or blue shift in their photoluminescence bands, in compar-
ison with that of the pristine one. Furthermore, the
photoluminescence intensity decreases with increasing the irradi-
ation ﬂuence of the alpha particle. Upon irradiation the CR-39
detector with 5 MeV a-particles, formation of CO2, hydroxyl group,
and unstable hydroperoxide occurred which causes the generation
of ester groups [7,8]. These new compounds may be subject to non-
irradiative recombination upon excitation with light of wavelength
of 346 nm. However, in order to quantify the decrease in the pho-
toluminescence intensities with increasing the absorbed a-parti-
cles dose, the integrated intensity under the peak N of each
spectrum was calculated and plotted as a function of ﬂuence (f).
Such a plot is shown in Fig. 5(b). The following linear function
was suggested to ﬁt the obtained data points:
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ting parameters. This linear relationship suggests the possibility to
use the photo-luminescence spectroscopy in dosimetric applica-
tions, especially when the dose is too low to be detected by other
spectroscopic techniques. The integrated intensity of photolumines-
cence spectrum is a monotonic function in alpha particle ﬂuence,
which may be extended to radiation dosimetry. In a similar way,
it was found that the peak height of the measured spectra is corre-
lated linearly with the alpha particle ﬂuence, where the photolumi-
nescence band peak’s intensity is decreased with increasing the
ﬂuence as represented in Fig. 5(b). The following formula is sug-
gested for ﬁtting the obtained data of the peak height (P) as a func-
tion of the ﬂuence:
Pðf Þ ¼ a0 þ b0f ð2Þ
where a0 = 35,502 ± 2115 and b0 = (2.96 ± 0.43)  106 are the ﬁt-
ting parameters. The obtained results, however, indicate that the
photoluminescence peak’s height of the irradiated CR-39 detector
can also be used in alternative manner with the area under the peak
as a monotonic function of radiation dose.
Conclusion
Throughout the current work, a comparison among three types
of spectroscopic techniques, UV–Vis, FTIR, and photoluminescence
(PL) spectroscopy, was carried out to estimate the most sensitive
technique to detect the induced modiﬁcations in the a-irradiated
CR-39 detector. Both UV–Visible spectroscopy and FTIR were found
to be of very low sensitivity for the structure modiﬁcations
induced by a-particles even for a relatively high ﬂuence of
6.79  109 particles/cm2. The PL spectroscopy showed fairly good
sensitivity within a-particles ﬂuence range of 0.85–6.79  109 par-
ticle/cm2. It was demonstrated that the integrated intensity and
intensity of the emission band peaks in the PL spectra are linearly
correlated with the ﬂuence of a-particles. In conclusion, theobtained results can be used for the development of a-particles
dosimetry especially in radon detection and radioenvironmental
applications.References
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